The relationship of depressed sinus node function to coronary artery disease (CAD) was evaluated. The sinus node artery (SNA) was easily identified in all of 80 unselected normal coronary arteriograms. Angiographic disease of, or significant obstruction proximal to, the SNA was seen in 21% of 80 unselected CAD patients. Heart rate and sinoatrial recovery times (SART) were obtained in 50 consecutive unmedicated patients prior to arteriography. There was no difference between the SART of 23 CAD patients free of SNA involvement (1092 msec ± 55 SEMI) and 18 normals (1070 ± 40 msec). Nine patients with SNA involvement had shorter SART (941 ± 52 msec) than normals (P < 0.05) or other CAD patients (NS). Similar results were obtained for heart rate. No patient with SNA involvement had a prolonged SART or sick sinus syndrome (SSS). Six of the 50 patients studied were symptomatic with SSS. Five of these SSS patients had CAD but none had angiographic evidence of SNA involvement. Obstructions involving the SNA were common in CAD but were not associated wxith altered heart rate or SART. Patients with SSS exhibited no angiographic evidence of SNA involvement. Therefore, it is unlikely that SSS is related to CAD of the SNA. SINUS BRADYCARDIA1 and the sick sinus syndrome (SSS)2A6 are among a variety of supraventricular rhythm disturbances reported in the presence of coronary artery disease (CAD). Obstructive disease of the sinus node artery (SNA) is thought to produce sinus node dysfunction by causing anoxia, fibrotic or degenerative changes or loss of central artery oscillations.7'-" However, a role for obstructive disease of the SNA in the pathogenesis of SSS remains to be established. The purpose of this study is to examine whether relationships exist between depressed sinus node function, angiographically demonstrable CAD and obstruction of the SNA.
few exceptions, to be the largest and most constant of the atrial arteries, almost always originating from the proximal few centimeters of the right or circumflex artery. He demonstrated constant presence of the SNA in the node and at the junction of the superior vena cava and right atrium. The SNA encircled the superior vena cava in a clockwise or counterclockwise manner, or bifurcated to encircle the superior vena cava as two branches, but encirclement of the superior vena cava was constant. Kennel and Titus'4 correlated radiographic evaluation of 39 postmortem specimens with injection of color-coded contrast material and histologic evaluation. In most specimens the SNA was easily identified radiographically, and confirmed by radio-opaque markers at the expected location of the node. Their radiographs14 closely resemble our angiograms ( fig. 1 ) and they reported good correlation between postmortem and antemortem angiograms in five patients.
Significant CAD was defined for the purposes of this investigation as the presence of arterial narrowing greater than 50%. Disease of the arterial supply to the sinus node was diagnosed in the presence of: 1) greater than 50% narrowing proximal to the region of the SNA (all such patients with > 50% narrowing actually had stenoses > 70%), or 2) major diminution in caliber, usually with ghost-like appearance of an SNA originating from a diseased area of the parent artery. Precise estimates of SNA stenosis were impossible because of the small size of that vessel. SNA disease without parent artery disease or absence of an identifiable SNA were not encountered.
Eighty unselected coronary arteriograms from patients with otherwise normal coronary arteries, who had been studied because of the suspicion of CAD, were retrospectively reviewed to establish our ability to visualize the SNA. Eighty arteriograms from patients with definite angiographic evidence of CAD were retrospectively reviewed to determine the incidence of angiographic disease of the SNA. There was independent agreement of at least two observers regarding SNA location and disease in these 160 arteriograms.
Atrial pacing was performed prospectively in 50 patients undergoing diagnostic cardiac catheterization, including coronary arteriography, mostly for evaluation of chest pain a/lit 111 wxir't lr'ttmIdC'd ait 0. 1-20 l1z wxitli ai lem roi for \ledieinec N 1'TI' 7 aniplAifiecr an l 1)1112 reeo)rdclr at a paper speed o)f 100 tint 5/c. 1a&itii/ 55/5pritotc at 112 cliatstilici threshold, at rates approximating 100, 120. 140 aniid 1.50 l)at min, unls /ngiia oper Cue, xxitlh at least .30 see )txte paced p)1rilCds. Stiililtllatioil x aUs prwids(ed ibx either a/ Grass S88 stiniitilaitoi wiitlh istiatiitn tinit itr a hattery pilweredl NIedticoiie 55Sf)A pacemiaker va a liiarcatheter wxith rinig elerite mInn xx ide anti I em apart, positioned1 at the miid tot highi righit atrtiiini" iS AkRTs ectirec'ted fitr exele length ( circumflex in 39%. One patient had an SNA originating from both the left and right coronary arteries. Angiographic disease of the SNA, or significant obstruction proximal to the SNA was present in 21% of 80 patients with CAD. SNA involvement was diagnosed because of significant stenosis of the main right or circumflex coronary artery proximal to the SNA origin in all but three patients. The latter three patients had ghost-like SNAs originating from diseased areas of the parent artery. When proximal stenosis was present, it involved the right coronary artery in 50%, the left main artery in 12%, the circumflex artery in 29% and both the left main and circumflex in 9%. Collaterals to the region of the sinus node were often observed in the presence of SNA involvement.
There was no difference between the SART of 23 CAD patients free of SNA involvement (1092 ± 55 msec) and 18 patients with normal coronary arteries (1070 ± 40 msec). Similar results were obtained when SARTs were corrected for cycle length. These values closely compare with SART obtained from larger series of normals using identical methodology.`e A vagal influence on SART from ischemic disease of the inferior wall was discounted by comparing SARTs of those 17 patients whose CAD involved dominant vessels supplying the inferior wall (1041 ± 65 msec) and normals. There remained no difference in SARTs.
Nine patients had significant disease of, or proximal to, the SNA. The manner of SNA involvement is detailed in table 1. Six of these patients had significant stenoses of both right and circumflex coronary arteries and eight also had significant left anterior descending stenoses. No patient with SNA involvement had SSS or a prolonged SART (range 660-1200 msec). Their SARTs (941 ± 52 msec), in fact, were slightly shorter than normals (P < 0.05) or those CAD patients without SNA involvement (NS). SARTs from these three groups of patients are compared in figure 2. There was no significant difference in heart rate between patients with SNA involvement (82.4 ±5.4 beats/min) and CAD patients without SNA involvement (74.4 ± 3.4 beats/min) or those with normal coronary arteries (74.4 + 2.8 beats/min). Figure 3 compares heart rates of the three groups of patients. The faster heart rates among patients with SNA involvement do not completely explain their shorter SARTs. SARTs of those with SNA involvement, when corrected for heart rate (SART-CL = 192 ± 31 msec; SART/CL = 1.26 ± 0.04) were shorter than corrected SARTs of CAD patients without SNA involvement (248 ± 25 msec; 1.29 ± 0.02) or normals (243 ± 28 msec; 1.30 ± 0.04), although the differences were not significant.
Six of the 50 patients prospectively studied were Resting heart rates in 50 patients undergoing coronary arteriography. Patients with angiographic disease of, or obstruction proximal to, the sinus node artery (stippled middle bar) did not have bradycardia or slower heart rates than those with normal coronary arteriograms or those whose coronary artery obstructive disease did not involve the sinus node artery. CAD = coronary artery disease; SEl = standard error of the mean; SNA = sinus node artery.
tomatic during a characteristic rhythm disturbance recorded with electrocardiographic monitoring. One had a sinus rate less than 35 per minute during a syncopal episode. At other times a junctional rhythm was present. His SART was greater than 5000 msec. A second patient had prolonged asystole on two monitored occasions during which syncope occurred. A third had angina at rest and persistent sinus bradyeardia. During a postoperative period of hypovolemia he had chest pain and a sinus rate of 40 per minute was recorded. Symptoms responded to pacing. Preoperatively his SART was 1470 msec. In our laboratory, using the methodology described above, SARTs longer than 1250 msec are considered abnormal.16 SSS was diagnosed in another three patients because of the triad of episodic symptoms of circulatory insufficiency, sinus bradycardia and prolonged SART. One patient had light-headed spells, a sinus rate of 36 per minute and a SART of 1570 msec. A second had spells of almost complete loss of consciousness, a sinus rate of 39 per minute and a SART of 1740 msec. None of the SSS patients had documented tachyarrhythmias. None had prolonged return cycles after programmed extrastimuli. Five of the six SSS patients had CAD but none had disease of, or obstruction proximal to, the SNA. The patient with normal coronary arteries became asystolic with coronary injection only of that artery from which the SNA did not arise.
Discussion
The etiology of SSS is uncertain despite evidence suggesting degeneration of the sinus node9' 20 or autonomic dysfunction.6' 19 Most reports of SSS include a large percentage of patients with CAD.2 ' A role for arteriosclerotic disease of the sinus node might thus be inferred. However, arteriosclerosis as a cause of SSS remains unproven.
Four lines of evidence suggest that CAD may not be important in the pathogenesis of SSS. 1) Patients with SSS are generally of advanced age;3' 5 a high incidence of CAD might be expected on that basis alone, independent of but merely coexistent with SSS. 2) Significant narrowing of the SNA has not been found consistently in the limited number of pathologic studies of SSS to date.3' 20, 21 3) The SNA appears to be relatively free of the stenotic effects of aging despite degeneration of the node. 22 LAD, CIRC, None RCA *SART? were recorded after pressure recordings and after bradyeardia necessitated administrationl of 2 mg atropine. Therefore, this patient was not included in statistical comparisons.
Abbreviations: CIRCcircumflex artery; IIR = heart rate at time of study; LAD = left anterior descending artery; RCA = right coronary artery; SART = sinoatrial recovery time; SB = sinus bradyeardia (beats/ min indicated); SNA = sinus node artery.
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There is evidence for such diffuse disease in SSS,23 25 but this is not consistent with the largely focal nature of CAD. Our study suggests that CAD as defined by angiography does not correlate well with SSS or disordered sinus node generator function. Patients with CAD appear not to differ in sinus node function from those with normal coronaries, as estimated by heart rate and the response to atrial overdrive suppression. Significant obstructions involving the SNA were often seen in our patients with CAD, but were not associated with altered heart rate, abnormal SART, or a clinical picture of SSS.
Prolonged sinoatrial conduction times in the absence of prolonged SART, or prolonged SART only after atropine administration, are very unusual and do not detract from the usefulness of SART as a marker of SSS. Heart rate and SART bv themselves, of course, do not necessarily define sinus node function and normal SART may be recorded in bonafide SSS19 26 (e.g., patient 4, table 2). Our patients with SNA involvement did not undergo systematic monitoring and exercise testing. It is uncommon for a period of electrocardiographic monitoring to include a symptomatic episode.15 Monitoring is therefore of low yield in detecting cryptic forms of SSS. Thus, SNA involvement does not preclude SSS, despite the normal heart rate and SART in our series. However, our patients symptomatic with SSS invariably exhibited no angiographic evidence of SNA involvement. This does not exclude small vessel disease but only disease of those vessels which can be visualized by arteriography and are considered significant at this time in the detection of clinical CAD.
Anginal pain was encountered only once at the rates and durations of atrial pacing used in this study. SART was not recorded during this episode of angina. It is possible that the ischemia which exists during angina is required to produce the abnormalities of heart rate and overdrive suppression typical of SSS. Certainly SNA occlusion can cause sinus arrest, usually with transient atrial standstill27 or fibrillation.7 However, patients with SSS and associated CAD do not show a consistent relationship between anginal episodes and rhythm disturbances, although sinus bradyeardia precipitating angina has been described. 28 Normal sinus node generator function in the presence of arteriosclerotic involvement of the SNA could be explained by the extensive collateral supply to the sinus node.12 14 29 Billette et al. 8 have shown that collateral vessels must be occluded to obtain reduction in heart rate from ligation of the SNA of the dog. 
